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CHAPTER I 
INTRODUCTION 
General 
In 1902, Cajal 1 reported that, contrary to previous authors, 
he was unable to find any direct olfactory connections to Ammon's horn or to 
the areas having complex connections with the horn, notably the subiculum, 
septum lucidum, and interhemispheric cortex. These findings have been, for 
the most part, confirmed by others since then and interest has arisen in the 
possibility that the hippocamp.us and its connections form a broad system related 
to certain non-olfactory modes of behavior. 
One such set of behaviors, which has been investigated in 
recent years, is the change in response of the organism to previously noxious 
or aversive stimulation following the removal of areas having extensive hippo-
campal connections. 
The present study has been concerned with the postoperative . 
changes in behavior following lesions of the components of the fornix, the septal 
region, and the surrounding anterior cingulate cortex in the rat, These area's 
Cajal, S. Ramon y, Studies on the cerebral cortex, (Trans. L. M. Kraft), 
Chicago: Yearbook Publishers, Inc., 1955. 
contain a large number of afferent and efferent hippocampal connections 
together with a number of other interconnections which will be considered 
in more detail below. In view of these complex connections, it follows 
2 
that the study of behavioral changes, in relation to destruction within such 
areas, shovld be accompanied by a specific analysis of the destruction in terms 
of the various structures involved. It is also preferable in studies of this type 
that a comparison of behavioral changes post-operatively should be made using 
pre-operatively conditioned responses. 
In this work, these points have been explored in the following 
manners: first, the histological analysis of the experimentally damaged brains 
was obtained by combined ratings of the amount of damage to each nucleus or 
tract by two .jndependent observers; second, the behavioral analysis involved 
the use of a conditioned escape response with an in.tense grey noise as the aversive 
stimulus. A stimulus is defined as aversive when a normal animal, given the 
opportunity to temporarily terminate (escape) the stimulus, does so regularly. 
Thus, in the following studies, the animals were trained pre-operatively to press 
a lever which resulted solely in the termination of the noise for a short period. 
The frequency of this response can be taken as a measure of the effectiveness of 
the aversive stimulus. Pre- and post-operative measures of this escape respond-
ing indicate the nature of any changes in effectiveness of the aversive stimulus 
following the surgical procedures (provided, of course, that the animal is physi-
cally capable of making the lever response). Thus the .post-oper.atlve effectiveness 
of a specific stimulus may be compared with the histological analysis of brain dam-
age in each animal. 
3 
Introduction to Part -1-- -Anterior cingulate cortex 
The anterior cingulate cortex is defined here as the homologue 
1 
of Rose and Woolsey's area LA in the rabbit; that is, the region of the cor-
t1cal projection of the anteromedial nucleus of the thalamus, which in the rat 
can be identified by the same architectonic criteria used by Rose and Woolsey. 
This region corresponds in general to Krieg•s 2 areas 32, 24 and 23 in the rat, 
excepting the dorsal edge of 24 and rostral 23, which is more appropriately des-
ignated as frontal neocortex, according to Rose and Woolsey. Since Krieg has 
provided a usable architectonic map of dorsal and lateral cortex, reference to 
other areas than LA will be made according to his designation, for the purpose 
of providing a more complete topographical orientation. 
The proJection of the anteromedial nucleus to the medial frontal 
cortex in front .of the genu of the corpus callosum has been generally confirmed 
345678 . . by others than Rose and Woolsey. ' ' ' ' ' The anteromedial nucleus m turn 
2 
3 
Rose, J. and Woolsey, C. N. , Structure and relations of I imbic cortex and anterior 
thalamic nuclei in rabbit and cat. J. Comp. Neur., 1948 (89), 279- 347. 
Krieg, W. J. S., Connections of the cerebral cortex. I. The albino rat. 
A. Topography of the cortical areas. B. Structure of the cortical areas. 
J. Comp. Neur., 1946 (84) ~ 221 - 323. 
Clark, W. E. LeG. and Boggan, R. H., On the connections of the anterior 
nucleus of the thalamus. J. Anat., 1932 (67),. 215- 226. 
4 Waller I w. H. I Topographical relations of cortical lesions to thalamic nuclei 
in the albino rat. J. Comp. Neur., 1934 (60), 237- 269 • . 
5 
6 
7 
8 
Lashley, K. S.,. Thalamo-cortical connections of the rat's brain. J. Comp. Neur., 
1941 (75), 67- 121. . 
Droogleever-Fortuyn, J., On the configuration and the connections of the media-
ventral area and the midline-cells in the thalamus of the rabbit. Folia Psychiat. 
Neurol. Neurochir. Neer., 1950 (53), 213- 254. 
Niemer, W. T. and Jimenez-Castellanos, J., Corticothalamic projections in the 
cat as revealed by 'physiological neuronography'. J. Comp. Neur.,1950(93), 101-123. 
Pribram, K. H. and Fulton, J. F., An experimental critique of the effects of 
anterior cingulate ablations in monkey. Brain, 1954 (77), 34 - 44. 
4 
1 2 
receives fibers from the medial mammillary nucleus, pars medal is ' and 
directly from the fornices , 3, 4 the latter also projecting some fibers to the 
pars lateral is and posterior is of the · medial mammillary nucleus. 5, 6 
The anterior cingulate region, especially In what corresponds 
to the basal part of Krieg 1s area 32, may also receive some fibers from the mid-
line and intralaminar nuclei of the thalamus. 7' 8' 9 , 10, 11 In this connection, 
2 
3 
4 
Powell, T. P~ S. and Cowan, W. M., The origin of the mammillothalamic 
tract in the rat. J. Anat. 1954a (88), 489- 497. 
Guillery, R. W., Degeneration In the post-commissural fornix and the mam-
millary peduncle of the rat. J. Anat. 1956 (90), 350 - 370. 
Guillery, R. W., Ibid. 
Nauta, W. J. H., An experimental study of the fornix: system in the rat. 
· J. Comp. -Neur. 1956 (1 04), 247 - 271. · 
5 Allen, W. F., Degeneration in the dog•s mammillary body and Ammon 1s 
horn following transection oft he fornix. J. Comp. Neur., 1944 (80), 
283- 291. 
6 Stotler, W. A., An investigation of the afferent innervation of the mam-
millary body in the ctJt. Abst. Anat. Rec., 1955 (121), 370- 371. 
7 
8 
9 
Clark, W. E. LeG. and Boggan, R. H. 1 On the connections of the medial 
cell groups ofthe thalamus. Brain, 1933 (56), 83- 98. 
Droogleever-Fortuyn, J., Op. cit. 
Nauta, W. J. H., Some projections of the medial wall of the hemisphere 
in the rat 1s brain (Cortical areas 32 and 25, 24 and 29). Abst. Anat. Rec. 
1953 (115), 352. 
10 Nauta, W. J. H. and Whitlock, D. G., An anatomical analysis of the non-
specific thalamic projection system. In Delafresnaye, J. F. (Ed.) Brain Mech-
anisms and Consciousness. Oxford, 1954. 
11 Powell, T. P. S~ and Cowan, W. M., The connexions of the midline and 
intralamlnar nuclei of the thalamus of the rat. J. Anat., 1954b (88), 307-319. 
5 
it is of note that Nauta 1 a,nd Guillery 2 report .finding a few fi~ers from 
the fornix to a number of these same midi ine and intralaminar nuclei. 
Descriptive anatomy reports have included reference to fibers 
from the anterior continuation of the hippocamp·us 3 and ·from the medial septal 
·nucleus 4 to the medial fro~tal cortex. Si~ce numbers of hippocampal fibers 
are known to terminate in the medial septal nucleus, both of these fiber groups 
provide possible connections with the outflow of the hippocampus. 
It is obvious that several paths are available by which hippo-
.· 
campal activity may be directed toward the anterior cingulate cortex. In the 
other direction, the anterior cingulate region is known to contribute fibers to 
the cingulum bundle, some of which are thought to penetrate the dentate gyrus 
and subiculum and possibly reach the hippocampus as afferents. 516 Adey and 
Meyer 7 also described a contingent of degenerating fibers ent.ering the cingu-
lum following lesions inthe dorsal frontal cortex and dorsc;~l edge of area 24, 
in the monkey. These fibers later entered the entorhinal cortex, an area known 
2 
3 
4 
5 
6 
7 
Nauta, W. J. H., 1956, Op. cit. 
Guillery, R. W., 1956, Op. cit. 
Cojal, S. R. Y., Histologie du Systeme Nerveux de PHomme et des Vertebras. 
Madrid: Institute Ramon y Cajal, 1911 ( 1955 ed.) 
Young, M. W., The nuclear pattern and fiber connections of the non-
cortical centers of the telencephalon of the rabbit. {lepus cuniculus), J. Comp. 
Neur., 1936 (65), 295 - 401. . 
Gardner, w. D. and Fox, c.. A. I Degeneration of the cingulum in the mon-
key. Abst. Anat. Rec., 1948 ( 1 00), 663 - 664.. · 
Adey, W. R., An experimental study of the hippocampal connections of the 
cingulate cortex in the rabbit. Brain, 1951 (74), 233- 247. 
Adey, W. R. and Meyer, M., An experimental study of hippocampal afferent 
pathways from prefrontal and cingulate areas in the monkey. J. Anat., 1952, 
(86), 58 - 74. 
6 
to have strong hippocampal connections. 1' 2 ' 3 ' 4 They also described, in 
agreement w lth others, connections between the anteriqr and posterior cingu-
late regions. 
. . . 5 
Pribram, Lennox and Dunsmore were unable to record evoked 
potentials in the hippocampal area·: following stimulation of the precallosal and 
subcallosal medial cortex with strychnine. However, more recently, Green and 
Adey 6 provided some electrophyslological evidence for reciprocal connections 
between the cingulate gyrus and the hippocampus. 
7 In addition to the above connections, Nauta has reported that 
in the rat, area 24 has efferent connections with the ventra I anterior and anterior 
reticular nuclei of the thalamus. He also reported projections from the general 
2 
Adey, W • . R. and Meyer, M., Hippocampal and hxpothalamic connexions 
of the temporal lobe in the monkey. Brain, 1952, {75), 358 ·~ 384. 
Allen, W. F., Fiber degeneration in Ammon's horn resulting from extirpations 
of the piriform and other cortical areas and from transection of the horn at 
various levels. J~ Comp. Neur., 1948, (88), 425- 438. 
3
• Lorente De No, R., Studies on the structure of the cerebral cortex. I. The 
area entorhi.nal is. J. Physiol. u. Neurol., 1933, {45), 381 - 438. 
4 
5 
6 
7 
Lorente De No, R., Studies on the structure of the cerebral cortex, II. Con-
tinuation of the study of the ammonic system. J. Physiol. u. Neural., 1934, 
(46), 113- 177. 
Pribram, K. H., Lennox, M. A., and Dunsmore, R. H., Some connections of 
the orbito-fronte-temporal, limbic and hippocampal areas of the macaca mulatto. 
J. Neurophysiol., 1950, (13), 127- 137. 
Green, J. and Adey, W. R., Electrophysiologi~al . studies of hippocampal 
connections and excitability. EEG Clin. Neurophysiol., 1956, {8), 245- 262. 
Nauta, W. J. H., 1953, Op. cit. 
7 
region of areas 32 and 25 which coursed through the medial forebrain bundle 
to the lateral preoptic region and the hypothalamus. 
From this limited review, the anterior cingulate cortex seems 
to have multisynaptlc connections with hippocampal efferents and the possi-
b il ity of direct and indirect hippocampal afferents. Its described connections, 
among others, with various thalamic nuclei; hypothalamic regions and with the 
posterior cingulate cortex serve to emphasize the limited scope of viewing this 
area as subordinate to hippocampal function .plone. 
Interest in the significance of this area for behavior was aroused 
by several studies which described a number of autonomic reactions produced 
by stimulation of the anterior cingulate cortex in various species. 1' 2' 3 ' 4 
Parallel with these studfes., removal of the anterior cingulate cortex or the 
nuclei which project to it, was carried out by a number of workers, whose 
results were not in agreement, especially with respect to post-operative 
changes in response to noxious or aversive stimulation. 
2 
3 
4 
Smith, W. K., The functional significance of the rostral cingular cortex 
as revealed by its responses to electrica.l excitation. J. Neurophysiol~, 
1945, (8) I 241 - 255. 
Kremer, W. F., Autonomic and somatic reactions induced by stimulation 
of the cingular gyrus in dogs. J. Neurophysio.l., 1947, (10), 371 - 379. 
Clark, G., Chew, K., Gillaspy, C., and Klotz, D., Stimulation of 
anterior I imbic region in dogs. J. Neurophysiol., 1949, ( 12), 459 .- 463. 
Pool, J. L. arid Ransohoff, · J., Autonomic effects on stimulating rostral 
portion of Clngulate gyri in man. J. Neurophysiol., 1949, (12), 385- 392. 
8 
Smith 1 reported that monkeys with anterior cingulate ablations 
appeared less frightened and permitted approach and feeding by humans which 
2 3 they had previously avoided. Kennard ' · also found that monkeys were quiet 
and passive following similar lesions; showing generally decreased reaction to 
all stimuli, including noxious ones. Pribram and Fulton 4 (also Fulton5 ) reported 
that monkeys with anterior cingulate ablations showed a decreased duration of 
avoidance of a situation where reward was withheld following a correct discrim-
. . 
ination response. Unfortunately, the data presented does not adequately compare 
the effects noted, with those following other surgical procedures used as controls. 
Mirsky, Rosvold and Pribram 6 have reported what they labelled 
an increased post-operative "fearlessness"score in three out of five clngulectomized 
monkeys, but they were unable to show any significant group effects when the 
2 
3 
4 
Smith, W. K., The results of ablation of the cingular region of the cerebral 
cortex. Fed. Proc •. , 1944, {3), 42 - 43. 
Kennard, M. , Effect on tempera:! lobe syndrome of lesions elsewhere in the 
cerebral cortex of monkeys. Yale J~ Bioi. Med., 1955, {28), 342 - 350. 
Kennard, M., The cingulate gyrus in relation to consciousness. J. Nerv.-
Ment. D'ts~, 1955, (121), 34- 39. 
Pribram, K. H. and Fulton, J. F., 1954, Op. cit. 
5 Fulton~ , J. F., Fronta.l Lobotomy and Affective Behavior, New York: Norton 
and Co., 1951. 
6 Mirsky, A. F., Rosvold, H. E., and Pri.bram, K. H., Effect of cingulectomy 
on social behavior ln monkeys. J. Neurophysiol., 1957, (20), 588- 601 ,.· · 
9 
cingulate animals were compared with other groups. Pribram and Weiskrontz 1 
found that monkeys with lesions of medial-ventral cortex and anterior cingu-
late cortex showed an almost immediate post-operative extinction of a trained 
avoidance response, together with requiring three times as many shocks for 
reconditioning of the same response as did sham operates and posterior isocortl-
ca I operates. 
A reduced reactivity to "noxious stimuli" (not further identified) 
was also reported by Baird, et al,2 following extensive lesions of the anterior 
thalamic nuclei in oots. This finding was supported by Schrein~r, et al, 3 who 
described two cats subjected to thalamic lesions, including the anterior nuclei, 
as being definitely more docile post-operatively and considerably less reactive 
to various noxious stimuli produced by cuffing, shaking or pinching the tail of 
the animal. 
While the above studies might be interpreted as indicating a 
general post-operative decline in reactivity to noxious stimulation, Bard and 
Mountcastle 4 were unable to find any change in response to such stimulation 
1 
2 
3 
4 
Pribram, K. H. and Weiskrantz, L., A comparison of the effects of medial 
and lateral cerebral resections on conditioned avoidance behavior In monkey. 
J. Camp. Physiol. Psrchol., 1957, (50), 74- 80. 
Baird, H., Guidetti, B., ·Reyes, V., Wycis, H. T., and Spiegel, E. A., 
Stimulation and elimination of the anterior thalamic nuclei in man and cat. 
Fed. Proc., 1951, (10), 8- 9, Abst. 
Schreiner, L., · Rioch, D., Pechtel, C., and Masserman, J., Behavioral 
changes following thalamic injury in cat. J. Neurophysiol., 1953, ( 16), 
234- 246. 
Bard, P. and Mountcastle, V. B., Some forebrain mechanisms involved in 
expression of rage with special reference to suppression of angry behavior. Proc. 
Assn. Res. Nerv, Ment. Dis. , 1948, (27), 362 - 404. 
10 
as that produced by shaking the animal or pinchin9 its tail, even when the 
cat received bilateral a blation of the entire cingulate cortex. It Is also 
reported that the behavior of monkeys with lesions of the anterior cingulate 
cortex, or its thalamic projections, is unaffected with respect to social be-
. 1 2 3 4 havior ' and delayed response or visual discrimination. ' 
Consideration of this negative evidence, as well as the lack 
of pre-operatively conditioned behavior, In some of the studies reporting post-
operative changes, suggested that additional work, using a specific aversive 
stimulus in a conditioning framework, was needed. The fact that most of the 
works mentioned above described lesions which Included more than the anterl-
or cingulate cortex or did not clearly define the destruction at all, argued for 
a more careful anatomical analysis, concurrent with the study of the behaviors 
which were reportedly affected by such lesions. 
Part I of this study is designed to .test for any post-operative 
changes in the frequency of occurrence of a sound-maintained escape response, 
following portia·! and complete removal of area LA in the rat. All animals were 
trained pre-operatively until they exhibited a stable, above criterion, level of 
escape responding in the presence of the no.ise. At this point they were subfected 
2 
3 
4 
Pribram, K. H. and Fulton, J. f., 1954, Op. cit. 
Mirsky, A. F., Rosvold, H. E., and Pribram, K. H., 1957, Op. cit. 
Pribram, K. H. and Fulton, J. F., 1954, Op. cit. 
Peters, R. H., Rosvold, H. E., and Mirsky, A. F., The effect of thalamic 
lesions upon delayed-response-type tests in the rhesus monkey. J. Comp. 
Physiol. Psycho!., 1956, (49), 111 - 11 6. 
11 
to surgery, allowed to recover for a few days and then were tested daily 
until their responding reached ~ criterion level. The number of post-operative 
daily sessions to the first day of criterion responding was called the "response 
recovery time 11 (RRT) and constitutes the most common behavioral measure 
referred to in this study. 
In addition to the animals receiving cingulate lesions (Cingulate 
Group), two control groups are included in Part I. The first group sustained 
thalamic lesions (Thalamic Control Group) designed principally to interrupt 
projections to cortical areas neighboring LA c:md control for possible damage 
to these projections, or their cortical field, incurred during anterior cingulate 
ablations. The second group sustained slight, essentially neocortical, lesions 
(Neocortex Control Group) in areas not generally related to LA, and thus 
controlled for behavioral changes following general surgical procedure and 
the production of minor lesions not related to the anterior cingulate cortex. 
Introduction to Part II - Septal region and fornix components 
. . .· 1 
The septal region is perhaps be5t described, as Cajal intimated, 
as .severo.! gangt'ia of grey matter which have been physically separated and 
broken up by the passage of numerous exogeneous and transient fiber groups. 
Trere are, as a result, some disagreements upon its boundaries and connections 
Cajal, S. Ramon y., 1911, Op. cit. 
12 
in the I iterature, but for the present study the terminology and descriptions 
of Young 1 will be used, except for the reservations expressed be low. 
The term "septal region", as used here, includes most of the 
structures between the para-sagittal planes of the lateral ventricles from the 
forward continuation of the hippocampus back to the caudal part of the ventral 
hippocampal commissure. The septal nuclei here include the nucleus septo-
hippocampal is, and the lateral and medial septal nuclei; excluded are the 
interstitial grey of the ventral hippocampal commissure and the nucleus trion-
gular is of Cajal, as well as the nucleus septo-fimbricil is of Young, which is 
regarded here as the posterior extension of the septal nuclei proper. 
The medial and lateral septal nuclei receive numerous efferent 
hippocampal fibers via the precommissure! fornix and fornix columns, 2 ' 3 ' 4 ' 5 
There is so~e experimental evidence that these nuclei may also send projection 
fibers to the hippocampus or its immediate vicinity, either through certain 
2 
3 
4 
5 
Young, M. W., 1936, Op. cit. 
Fox, C. A., Certain basal telencephalic centers in the cat. J. Comp. 
Neur., 1940, (72), 1 - 62. 
Fox, C. A., The stria terminalis, longitudinal association bundle and 
precommissural fornix fibers in the cat. J. Comp. Neur. 1 1943, (79), 
277. 
Nauta·, W. J. H., 1956, Op. cit. 
Sprague, J. M. and Meyer, M., An experimental study of t h~ fornix in 
the rabbit, J. Anat., 1950, (84), 354 - 368. 
13 
precommissural or fornix column bundles 1 ' 2 or via ascending fibers of the 
fornix superior which perforate the callosum and thence run caudally. 3 
Certain electrophyslological evidence tends to support the vi.ew that these 
hippocampal afferents do exist. 4 ' 5 
According to Young6 the anterior continuation of the hippo-
campus and its caudal portion above the callosum { induseum griseum) form 
still another efferent connection from the hippocampus, which Is intimately 
related to the nucleus septo-hippocampal is. The supra callosal striae, which 
arise In part from the grey mass of the induseum, have been credited with both 
ascending and descending connections, mainly by way of fibers perforating the 
callosum or rounding the genu. 
In addition to these hippocampal connections, the septal nuclei 
7 • 
are reported to have efferent connections with the lateral preoptic region and 
2 
3 
4 
5 
6 
7 
Gerebtzoff, M. A., Notes anatomo-experimentales sur le fornix, Ia corne 
d' Ammon et leur relation avec diverses structures encephal iques, notamment 
epiphysique. J. Beige. Neurol. 1 1941, (41 - 42), 199-206. 
Morin, F., An experimental study of hypothalamic connections in the guinea 
pig. J. Comp. Neur. , 19501 (92), 193 - 213. 
Sprague, J. M. and Meyer, M., 1950, Op. cit. 
Green, J. and Arduini, A., Hippocampal electrical activity in arousal. 
,J. Neurophys io I. , 1954, { 17), 533 - 557. 
Green, J., and Adey, w. R., 1956, Op. cit. 
Young, M. W., 1936. I Op. cit. 
Nauta, W. J. H., 1956, Op. cit. 
14 
hypothalamus (also see Au~r and DiVirgilio);1 to the medial habe·nular nucleus 
via the stria medullaris; and to certain rostral pontine and tegmental nuclei. 
The stria terminalis sends a number of collaterals from the region of its bed 
nucleus to the septal region according to Fox's 2 descriptive study in. the cat. 
That the septal region may have reciprocal connections with the temporal polar 
cortex has been suggested by Simpson 3 and Mclardy, 4 partly on the basis 
of the earlier stimulation and ablation work with cats performed by Stoll, et al. 5 
A further cortical connection was described by Ca}al, 6 between the molecular 
layer of the medial frontal cortex and the septal region. 
In the present study, the nucleus accumbens is considered as a 
unit not primarily associated with the septum 7, 8 despite a few described pro-
jections to it from the lateral septal nucleus 9 and from theprecommissural. for-
nix fibers. 1 0' 11 
2 
Auer, J., and DiVirgilio, G., Some afferent connections of the hypothalamus 
in the cat. Anat. Rec., 1953, (115), 277, Abst. 
Fox, C. A. 1 1940 and 1943, Op. cit. 
3 Simpson, D. A., The efferent fibers of the hippocampus in the monkey. J. Neurol. 
Neurosurg. Psychiat., 1952, (15), 79- 92. 
4 Mclardy, T., Observations on the fomix of the monkey: I. Cell Studies. 
II. Fiberstudies., J. Comp. Neur•, 1955, (103), 305-343. 
5 Stoll, J., A}mone-Marsan, C., and Jasper, H. H. 1 Electrophysiological 
studies of the subcortical connections of the anterior tempera! region in cat. 
J. Neurophysiol., 1951, (14), 305-316. 
6 Cajal, S. Ramon y., 1911, Op. cit. 
7 Johnston, J. B., Further contributions to the study of the evolution of the 
forebra.in, J. Comp. Neur. , 1923, (35), 237 - 481. 
8 Young, M. W., 1936, Op. cit. 
9 Fox, C. A., 1940, Op• cit~ 
10 Sprague, J. M. and Meyer 1 M., 1950, Op. cit. 
11 Fox, C. A., 1943, Op. cit. 
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The description of reciprocal connections between olfactory 
tubercle and septal region by Young 1 has not been experimentally confirmed 
so that the term 11septo-tubercl,llar fibers 11 should be considered, in its use here, 
as an arbitrary label. 
In summary, the septal region is shown to receive many efferent 
fibers from the hippocampus and elsewhere, and to have probable afferent con-
n ections with the hippocampus and with numerous other structures. 
The components of the fornix, referred to here, include the pre-
commissural fornix, the fornix columns, and the fornix superior. These components 
are reported to have a number of additional connections beyond those mentioned 
previously with the anterior thalamus, mammillary bodies and other structures. 
Connections should be mentioned with the hypothalamus via the medial cortico-
hypothalamic tract (which arises from the fimbria according to Powell and Cowan2 ); 
with the midbrain central grey matter and periventricular grey; 3 and via the pre-
commissural fornix to the nucleus and tract of the diagonal band, to the bed nucleus 
of the anterior commissure and to the lateral preoptic region via the medial fore-
brain bundle. 4 In the monkey, Powell and Cowan5 reported fornix column fibers 
to the lateral and rostral hypothalamus. 
2 
3 
4 
5 
Young, M. W., Op. cit. 
Powell, T. P. S. and Cowan, W. M., An experimental study o f the efferent 
connexions of the hippocampus. Brain, 1955, (78), 115- 132. 
Guillery, R. W. , 1956, Op. cit. 
Nauta, W. J. H., 1956, Op. cit. 
Powell, T. P. S. , and Cowan, W. M., 1955, Op. cit. 
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This brief review indicates that although the septal reg ion 
is not by any means the sole recipient of hippocampal efferents, such connect-
ions are very profuse to this area, as Cajal 1 and many others have shown. For 
this reason, the following review ofbehavioral work includes studies based on 
damage to the hippocampus itself as well as its principle efferent connections. 
Studies of the effect of damage to the hippocampus or fornix 
components on certain pre-operatively conditioned behaviors are not in agree-
ment. Swann2 reported no loss of olfactory discriminations following loss of 
75 percent of the h lppocampus bilaterally or loss of nearly as great a percentage 
of fimbria! fibers, In the rat. Likewise, extensive damage to the hippocampus 
reportedly has no significant effect on delayed·reactlon or visual discrlnination 
. 3 4 
tests In monkeys; nor upon a food-based discrimination using an auditory CS. 
Supporting these works, Rosvold and Delgado5 found that coagulation of the sep-
tum, in monkeys, seemed to have no effect upon pre-operatively trained alter-
nations and discrimination behaviar. 
2 
Cajal, S. Ramon y., 1911, Op. cit. 
Swann, H. G., The function of the brain in olfaction. J. Comp. Neur. 
1934, (59), 175- 202. 
3 Mishkin, Mortimer. Visual discrimination performance following partial 
ablations of the temporal ·.·lobe: II. Ventral surface vs. hippocampus. 
J~ Comp. Physiol. Psycho!., 19541 {47) 1 187- 193. 
4 
5 
Poirier 1 L. J., Anatomical and experimental studies on the temporal pole 
ofthe macaque. 1 J. Comp~ Neur~ 1 19521 (96) 1 209- 248. 
Rosvold1 H. E. and Delgado, J. M. R., The effect on delayed-alternation 
performance of stimulating or destroying electrically structures within the 
frontal lobes of the monkey1s brain. J. Comp. Physiol. Psycho!. 1 19561 (49) I 365 - 372, 
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With respect to aver~ive stimulation, Allen 1 ' 2' 3 using 
conditioned avoidance behavior in dogs, was unable to find any effect of 
transection of the fornices or gross removal of the hippocampi upon the CR's 
which were maintained by shock. There was no difference in this negative 
finding, whether the CR was acquired before or after the ablations. In 
agreement with this, two cats incidentally trained as controlling cases by 
4 Brady, et al, learned to make an avoidance response to shock, following 
hippocampal lesions, in approximately the same time required by normal ani-
mals. 
While the above studies would not tend to implicate the des-
truction of hippocampal efferents in post-operative behavior changes, a few 
investigations in recent years have disagreed with this general finding, and 
in each case the react ion to aversive st i.nu I i has exhibited the post-operative 
5 
change. Pribram and Weiskrantz found that monkeys with lesions involving 
2 
Allen, W. F. Relationship of the conditioned-olfactory-foreleg response to 
· the motor centers of the brain., Am. -J. Physiol.1 1938, (121), 657- 668. 
Allen, W. F., Effect of ablating the frontal lobes, hippocampi, and occipito-
parieto-temporal (excepting pyriform) lobes on positive and negative olfactory 
conditioned reflexes., Am. J. Physiol., 1939, . (128) 1 754.; 771. 
3 Allen, W. F. 1 Effect of ablating the amygdaloid-pyriform areas and hippo-
campi on positive and negative olfactory conditioned reflexes and on con-
ditioned olfactory differentiation. Am. J.- Physiol., 1941, ( 132), 81 -92. 
4 
5 
Brady 1 J. V., Schreiner, L., Geller, I. 1 and Kling, A. 1 Subcortical mech-
anisms in emotional behavior: The effect of rhinencephalic injury upon the 
acquisition and retention of a conditioned avoidance response in cats. J. Comp. 
Physiol. Psycho!., 19541 (47), 179-186. 
Pribram, K. H. and Weiskrantz, L., 1957, Op. eft. 
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Ammon's formation, and parts of the subicular and entorhinal cortex, showed 
definite post-operative effects upon a pre-operatively conditioned avoidance 
response. These monkeys demonstrated an almost Immediate post-operative 
extinction of the avoidance response, and they required at least three times 
as many shcx:ks as sham operates during a reconditioning period. During sub-
sequent re-extinction these animals again were significantly faster in demon-
strating the loss of the response when the aversive stimulus was withheld. 
Using a different technique, Brady and Nauta 1, 2 reported 
diminished post-operative strength of a conditioned emotional response (CER) 
to a 30" clicker which had been followed pre-operatively by two unavoidable 
shocks. Rats which had received lesions of the septal r eglon including some 
damage to the fornix columns and possibly the anterior thalctmus, seemed to 
show the greatest diminution of the CER post-operatively. 
More specifically related to the present study are two cases 
recorded by Tracy and Harrison3 in the rat; In which destruction, including 
various septal structures plus the fornix columns, was followed by a long-term 
{30 to 72 days) loss of a pre-operatively trained escape response mdintained 
by intense sound. The authors attributed this loss to the post-operative 
2 
3 
Brady, J. V. and Nauta, W. J. H. 1 Subcortical mechanisms in emotional 
behavior: Affective changes following septal forebrain lesions in the albino 
rat. J. · Comp. Physiol. Psycho!. 1 ·1953, (46) 1 339- 346. 
Brady, J. V. and Nauta, W. J. H., Subcortical mechanisms in emctional 
behavior: The duration of affective changes following septal and habenular 
lesions in the albino rat. J. Comp. Physiol. Psycho!., 1955, (48h 412-420. 
Tracy, W. H. and Harrison, J. M. 1 Aversive behavior following lesions of 
the septal region of the forebrain In therat. Am. J. Psycho!., 1956,{69),443-447 
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ineffectiveness of the termination of the aversive stimulus as a reinforcing 
event, having shown that these same animals would perform in the experiment-
al situation, if the identical sound was now used as a discriminate stimulus for 
the presentation of food. 
Since the lesions reported by Tracy and Harrison in the two 
cases given above were somewhat different, the question of the necessary and 
' 
sufficient damage for producing such a loss provided one basis for the present 
investigation. Likewise, the lesions reported by the other authors mentioned, 
were either so inclusive or so inadequately described that further anatomical 
clarification seemed desirable. Furthermore, the use of a specific aversive 
stimulus as a maintainer of behavior would allow a further check into the type 
of post-operative effects which might occur with aversive stimuli in general , 
following the production of various specified lesions of hippocampal efferents 
and their connections. 
The Experimental Group of Part II was designed to answer the 
question of the necessary and sufficient lesion for producing the long-term 
loss of response reported by Tracy and Harrison. A Control Group I ran with 
the Experimental Group, both receiving the behavioral procedure described 
for Part I of this work, ~ut with the Experimental Group sustaining septal region 
lesions, the Control Group I various caudate nucleus lesions, not generally 
affecting the septal area. The latter cases provided controls for incidental dam-
age to the caudate nucleus, which was present in the Tracy and Harrison animals, 
as well as prov·iding additional cases of animals with lesions outside the supposed 
critical areas. 
20 
When it was found {See Chapter Ill) that the Tracy and Harrison 
results were not generally obtained in the Experimental Group, a Control Group II 
was required to allow comparison of the Experimental Group with a group under-
going a behavioral schedule more similar to that of Tracy and Harrison. These 
animals received septal lesions, for the most part by the same surgical method 
used by the above authors. The comparison was furthered by the use of two 
animals (88 and 89) which were simultaneously trained and tested on this be-
havior as well as on that used with the Experimental Group. These animals 
received septal region lesions by method similar to those of Control Group II 
animals. 
To complement the number of different septal and fornix lesions 
produced in the Experimental Group, a special animal (X31) was prepared using 
the same behavioral method, but sustaining an extensive removal of the entire 
dorsal hippocampus, corpus callosum and a great deal of the overlying neocortex. 
This animal thus had lost all hippocampal afferents or efferents, which pass dor-
sal to the stria medullaris, and which might be thoughtto be of importance to the 
reported effects of septal, fornix, or even anterior cingulate ablations. 
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CHAPTER II 
METHODS AND PROCEDURES 
Subjects and groupings 
Subjects were 45 male albino rats, Sprague-Dawley strain. All 
animals received a daily ration of 10 grams of Purina Laboratory Chow in the 
home cage approximately one hour after their experimental session. Water was 
available in the home cage at all times. The animals divided into groups as 
follows: 
Part I 
Part II 
Cingulate Group 
Thalamic Control 
Neocortex Control 
9 animals 
3 animals 
4 animals 
Experimental Group 15 animals 
Control Group I 5 animals 
Control Group II 10 animals+ 
Spec ia I Case 1 animal 
+ Two of these animals (88 and 89) are also 
included in the experimental Group. 
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Apparatus · 
The experimental space was enclosed in a Iorge ventilated 
box, insulated from outside laboratory noises. The rat was placed in a wire 
mesh cage (10 x 4 x 9 inches), which was contained in the middle of the larger 
space. Placed at the top and end of the cage were two University 4401 High 
Frequency Speakers with a high-pass filter network, through which a grey 
noise of various in tens it ies could be fed into the box. The sound source was 
the amplified signal from a tral"61stor noise generator developed by J. M. Harrison. 
The sound level was calibrated and monitored during sessions with a DuMont 
Type 350 Oscillograph. The box and cage were so constructed that Intensity 
readings were at a minimum in the vicinity of the lever, which was located at 
one end of the ~ cage. A Gerbrands Rat Lever was used, located about 3 em. 
above the floor and requiring a force of 7 - 15 gms. for depression. Depr.~ssion 
of the lever resulted in immediate termination of the otherwise continuous noise 
for a 20 11 silent period. There was no contingency for continued holding down 
of the lever or for any responses during the silent period. At the end of each 
silent period the sound came on af. full Intensity. Intensity readings were taken 
using an Electrovoice (HiZ} microphone approximately 1 em. from the lever, and 
an H. H. Scott Sound Level Meter (Ref. S. P. L. 2 x 10-4 dynes/sq. em.}. 
Responses during the sound (reinforced responses) and during the 
silence (non-reinforced responses} were counted, and the cumulative latency of 
responses during sound was obtained for the daily sessions on a Standard Electric 
clock. Sessions were timed automatically for all cases but flose of Control Group II 
in Part II, and cumulative response records were kept for all sessions on a Gerbrands 
cumulative recorder. 
Procedures- - Behavioral 
Part 1-- Cingulate Cortex Group 
1. The procedure used here wi II be referred to subse-
quent I y as Procedure A. 
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2. Pre-operatively, all subjects received daily 56 ' 
sessions in 105 db. noise until they reached a criterion 
of at least 50 responses during the sound, for a period 
of at least four successive days. 
3. The ratio of reinforced to non-reinforced responses for 
for each animal during a session was required to be greater 
than 1. 00 during the four criterion days, thus requiring a 
high "efficiency". 
4. Having reached these criteria, the animals were subjected 
to bilateral lesions of anterior cingulate cortex, using 
either the suction or electrocautery methods as given below. 
5. Surgical recovery was limited to 2 - 3 days whenever possible, 
but in some cases, animals required longer periods before 
being able to return to the daily experimental sessions. 
6. Post-operatively, the animals were required to reach 75 per-
cent of the pre-operative criterion (for responses during sound) 
in each of four daily sessions. The number of days required 
to reach the first criterion day post-operatively is called 
hereafter the "response recovery time", (RRT). 
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7. There was no reinfort:ed to non-reinforced response ratio 
requirement post-operatively. 
Part I -Thalamic Control Group 
1. Conditions of behavioral measurement were precisely 
the same as for the Cingulate Cortex Group. (Procedure A.) 
2. Surgery involved bilateral thalamic lesions generally in 
the region of the nucleus medialis dorsal is and the habenula 
by means of electrocautery as described below. 
Part I ~ Neocortex Control Group 
1. Conditions of behavioral measurement were precisely the 
same as for the Cingulate Cortex Group. (Procedure A.) 
2. Surgery involved bilateral neocortical lesions of a minor 
nature produced by use of the probe and electrocautery 
methods described below. 
11111111111111111111 
Part II - Experimenta I Group 
1. Pre- and post-operative behavioral measurements and 
requirements were as described for Part I. (Procedure A.) 
2. Surgery Involved the electrocautery and Nauta methods 
described below and was aimed at the septal region and/or 
components of the fornix including the ventral hippocampal 
commissure in some cases. 
2 
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Part ·If - Control Group I · 
1. Pre- and post-operative behavioral requirements were 
as described for Part I. (Procedure A.) 
2. Surgery involved either the probe or Nauta methods as 
given below and was aimed at the caudate nucleus. 
Part II - Control Group II 
1. The procedure used for this group will be referred to sub-
sequently as Procedure B. It was designed to be similar 
to that used by Tracy and Harrison. 1 
2. Pre-operatively, all animals In this group were placed 
in the experimental space for 15' with . the sound off and 
no lever contingency, following which the sound was 
introduced for only 15' at 117 db. , under the escape 
contingency. 
3. These animals were required to reach a criterion of at 
least 20 reinforced responses per 15' sound session2 for 
at least three successive sessions. 
4. The ratio of reinforced to non-reinforced response totals 
was required to be greater than 1. 00 for these three days • 
. 5. These animals were trained, if necessary, beyond these 
points until their behavior from day-to-day was relatively stable. 
Tracy, W. H. and Harrison, J. M., 1956, Op. cit. 
The relatively higher criterion for this group was felt necessary to raise the behavior 
of all animals used here to a training level approximate to that of Tracy and Harrison. 
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6. Having rea ched this stabi lity and surpassed the other 
criteria, the animals were subjected to bilatera l les ions 
of the septal reg ion a nd fornix components, using the 
Nauta me thod in all but two cases where the e lectro-
cautery method was used. A behavioral control animal 
(X45) received only a sham operation. 
7 . Surgical recovery was limited, as prev iousl y, to 2- 3 days 
when possibl e . 
8. Post-operatively, the daily sessions began, for a ll but two 
animals, with 60' of rio-sound, no-contingency; followed 
by the usual 15 ' session in the sound. The two exceptions 
mentioned, re ceived only the latter period, w ith no pre-
liminary wait. 
9. The post-:-operative criterion was 75 percent of the pre-
operative criterion, to be maintained for at least three 
successive da ys. Response recovery was measured from 
the first post-operative day to the first criterion day. 
10. There was no post-operative ratio requirement for response 
totals, or for any stability beyond that required for the 
75 percent criterion~ 
Double-Schedul e Animals (Part II) 
1. Two animals (BB and B9) rece ived da il y sessions of both 
Procedures A and B, pre-operative ly and following bilat eral 
septal lesions by the Nauta method. 
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2. These animals are thus included in both the Experimental 
Group and Control Group II. 
3. Each was run in separate but similar boxes for the two pro-
cedures in the following order: Procedure B, followed by 
45' rest in the home cage, followed by Procedure A. 
Special Case 
1. One animal (X31) was trained and tested on Procedure A, 
but was subjected to a more radiaal surgical procedure than 
the others ·and is thus presented separately. 
2. This rat received a lesion by means of the suction method, 
which included almost the entire dorsal surface of the brain 
down to the p lane of the stria medullaris. 
Procedures - Surgical 
1. All animals were anesthetized with Nembusen injected i. p. a t 
50 - 55 mg./kilo of body we ight with certain aseptic precautions 
at all times. 
2. Following this, all animals received an i. p. injeCtion of. 15 cc. 
of atropine sulfate solution and an i. m. injection of • 20 cc. Dura-
cill in. 
3. The head was shaved and the skull exposed by longitudinal incision 
of skin and fascia, f~llowed by clearing away of the periosteum. 
4. The anima.! was then subjected to one of the four procedures 
which follow: 
a. Electrocautery method: The animal was clamped 
into a stereotaxic frame by means of a special 
headholder which avoided the use of ear bars. A 
small bone chip was removed across the midline and 
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the dura was punctured on. ,each side. An e le ctrode 
was clamped to the tail over a ·saline-soaked pad and 
an ins.ulated needle electrode was inserted to a pre-
determined position in the brain. A current of 1. 5 rna. 
for .l 5 11 was passed through this electrode to produce 
the lesion. This was done for each of several place-
ments bilaterally. 
b. Suction method: The skull was removed from a fairly 
wide area on the dorsal surface, the dura was cut away, 
and the brain tissue removed using a 20 ga. blunt 
needle sucker. 
c. Probe method: Two holes were drilled In the skull at 
predetermined positions, thedura was punctured and a 
bent probe merely inserted to an estimated ~epth in some 
cases; in other cases, the probe was swung back and forth 
in a limited rostrocaudal plane. 
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d. Nauta Method: This method is adapted from 
one used by Nauta. 1 Two ho les were drilled 
in the skull at predetermined positions, the dura 
. 0 punctured, and a needle bent at the tip, (90 
angle, 2. 5 mm. from shaft to tip, sharpened) 
was inserted to a depth of 5 or 6 mm. and then 
rotated 180° medially. 
5. After completion of the particular method chosen, the wound edges 
(not the brain tissue) were dusted with sulfa powder, the skin closed 
and sutured with Michel wourd clips, end Polycin ointment was 
dressed over the completed suture. 
6. The animals then received 6 - 10 cc. of a warm Dextrose solution 
inject.ed i. p. and were placed in a warm environment duri ng the 
surg ical recovery period of several dcrys. 
Procedures - Histological 
1. Survival time was greater than seven days in all cases. 
2. Animals were anesthetized with chloroform, bled and the ir brains 
removed immediately and p laced in 95 percent alcohol. 
Brady, J. Y. and Nauta, W. J. H., 1953, O p. cit. 
1 
2 
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3. the brains were then silver-stained according to a modification 
of Cajal's method II and serial sections were cut at 16 microns 
thickness in a transverse plane. 
4. Every fifth section was mounted and examined microscopically. 
5. The microscopic eXamination was performed by two independent 
observers, 1 both rating damage to each structure on a four-
point scale as follows: 
0 - 1 0 percent damage rated 0 
10 - 50 percent damage rated 1 
50 - 90 percent damage rated 2 
90 - 1 00 percent damage rated 3 
6. Several normal brains were prepar~d with both silver and thion.in 
stains for compar~son purposes. The observers then compared ratfngs, 
and were able to reach complete agreement on most structures; in 
the additional cases, the lower reading was arbitrartly taken, thus 
tending to minimize the damage estimate in cases. of doubt. 
7. Nuclei were rated by percentage of total volumedamaged ~r 
destroyed. Gliosis, cellular degeneration and thinning of fiber 
connect ions were the most common signs of damage which were 
used, other than complete obi iteration. 
B. Young•s2 terminology was used for the nuclei, with the reservations 
mentioned previously. 
·The author and J. M. Harrison. 
Young, M. W., 1936, Op. cit. 
2 
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9. Tracts were rated, in general, by the percentage of cross,.. 
section estimated to be damaged or missing. 
10. The cingulum bundle was always rated just in back of the 
lesion proper, since it was found that scar tissue somet imes 
caused intact fibers to be practicall y invisible in transve rse 
sections. 
11. The ratings for the induseum griseum were made simp ly in terms 
of severance (S or 0); it should be understood that t he rating 
'in each case applied equally well to the supracallosal striae . 
which were not rated separately. 
12. The tract of the diagonal band, as used here , probabl y includes 
most descending precomnisstJrol fornix fibers as well as some sep-
tal afferents and efferents, all of which could not be clearly 
distinguished from each other in bilaterally damaged silver pre-
parations. Consequently, the rating listed under this tra c t sta nds 
as a general estimate of damage to all a.scendJ,ng ahd .,descend ing 
fiber systems which are mixed in the basal and caudal septal 
region just in front of the anterior commissure. 
13. The boundaries of the cortical areas, other than cingulate, were 
rated in general according to the criteria of Krieg 1 and Vaz Ferre ira. 2 
Krieg, W. J. S. 1 ·1946, Op. cit. 
Vaz Ferreira, A. 1 The cortical areas of the albino rat studied by silver 
impregnation. J. Comp. Neurol. , 195 1, (95), 177 - 243. 
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G I ios is , degenerating cells, and in some cases, absence of 
fiber fascicl es, were cri teria genera ll y used to eva luat e cor-
tical damage other than ob literation. 
14. With respect to the cingulate cortex, the designation of Rose 
and Woolsey 1 were used, since the ir naming seemed r~ co~form 
to that most preval ent in the descriptiye literature. Area LA 
as g iven in the tables for Part I was judged to conta in most of 
Kri eg1s areas 24 , 32 and 23 except for the most rostra l portion 
of 24 and the dorsal edge of his areas 24 and 23. Areas Cg and 
Rs of Rose and Woolsey were judged to conform roughly to those 
labe lled 29b and ~c by Krieg. 
15. The thalamic lesions were read large ly wit h r~ference to the 
nuc lear configur~tion developed for the rat tha lamus by 
G d.. 2 ur .Jion. . 
Rose, J .. ,, and Woolsey, C. N., 1948, O p. cit. 
G urdjia n, E. S., The d ie ncepha lon of the a lbino ra t. 
1927, {43), 1 - 11 4 . 
J. Comp. N eur., 
Pa rt I - Cingulate Group 
CHAPTER Ill 
RESULTS 
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The anatomical analysis of the lesions to area LA in the 
Cingulate Group animals is given in Table I. Figure 1 illustrates limited 
and extensive cingulate lesions in transverse section. The cortical damage 
incurred in the three Thalamic Control Group animals is included in the 
first table, since damage to areas Cg and Rs in these animals offers some 
evidence concerning the effect of caudal cingulate cortex damage. 
Comparison of the response recovery scores with damage ratings 
for areas, LA, Cg, Rs, or their combined damage or even the total brain 
damage does not yield any consistent relation in the present data. The res-
ponse recovery scores are given as the number of days from the first post-
operative session to the first criterion day. Most of the animals were run 
somewhat beyond this point, and their subsequent performance supports the 
supposition that the response recovery was not a temporary phenomenon. 
(X35 in Figure 2 is an exception to this rule.) 
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LIST OF ABBREV lATIONS 
R. R. T. - response recovery time 
. Areas 4 , 6, 8, 10, 18, 29b and 29c- cortical areas as listed by Krieg. 
AC enter ior commissure MD nucleus medialis dorsalis 
r 
AD nucleus anterior is dorsa I is MS medial septal nuciE:us 
AM nucleus anterioris medialis MTT mammillo-thalamie tract 
' AV nucleus anterioris ventral is MY nucleus medial.is ventralis 
cc corpus callosum NAcc nucleus accumbens septi 
Ce nucleus centralis OF orbito-fronta l cortex of Cg posterior cingulate cortex of Rose a nd Woolsey Rose and Woolsey 
Cing cingulum bundle PA nucleus paraventri cula ris 
CN caudate nucleus anterior is 
DB d iagona I band of Broca PC nucleus paracentral is 
DHC dorsal hippocampal commissure Pf nucleus parafascicula ris PH primordial hippocampus 
FCo.l fornix columns ·Po ·nucleus posterior is 
FR fasciculus retroflexus of PoC po.sterior commissure 
Meynert pp nucl e us paraverttrkularis 
FS fornix superior posterior is 
GLD nucl e us geniculatus lateral is PrT nucleus pretecta l is 
dorsal is PT nucleus parataenia lis 
Hl nucleus habenularis lateral.is Re nucleus reuni ens 
HM nucleus habenularis medml is Rh nucl eus rhomboida l is Rs retrospl enia l ·cortex of 
I 1 infralimbic cortex of Ro.se and Rose and Woolsey 
Woolsey SH septo-hippocampc:t~ nuc I eus 
LA anterior limbic (cingula.t~ cor- ST septo-tubercul a r tract 
tex of Rose and Woolsey StM stria medullaris tha lami 
LAT nucleus lateralis thalami StT stria t erminal is 
LP nucleus lateral is posterior is TrDB tract of the diagona l band of LS lateral septal nucleus Broca 
YHC ventral hippocampa l 
commissure 
TABLE I 
HISTOLOGICAL ANALYSIS OF BRAIN DAMAGE 
PART I - CINGULATE CORTEX GROUP AND CORTICAL DAMAGE FOR THALAlliC CONTROL GROUP 
Animal R.R.T. LA Q& Rs 11 10 _2. J±. Cing Other D8.ll.aSI:e 
-. 
X35 19 1 0 0 0 1 ROLl ROLl RlLO CN : 1 
YS 5 3- 0 0 0 1 1 1 2 None 
X3B 4 R2L3 0 0 1 2 RlL2 1 R2L3 CN = 1 
Z13 4 R2Ll 0 0 1 1 0 0 2 None 
X37 3 3 0 0 0 1 1 1 2 PH : 1 
Zl9 3 1 0 0 3 0 0 0 0 PH:l; ST• 2; AC=l; NAee:l 
Y2 ~ 1 0 0 0 1 1 · 0 2 PH : ROLl 
Z2 0 1 0 0 0 b 1 1 1 None 
Z3 0 1 0 0 0 1 1 1 0 None 
• • • . • . . . • 
Bl 14 0 1 1 0 0 0 0 2 See TABLE ll 
A3 0 0 1 2 0 0 0 0 2 See TABLE II 
B4 0 0 1 2 0 0 0 0 3 See TABLE II w <.Jl 
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FIGURE ANTERIOR CINGULATE CORTEX LESIONS 
IN TRANSVERSE SECTIONS (6x) 
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FIGURE 2 PART I - CINGULATE GROUP PRE- AND POST-OPERATIVE 
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Particularly evident in this group is the fact that X35 with a 
small LA lesion, showed a much more pronounced loss of the behavior than 
did others such as X37 and YB, who sustained extensive loss of area LA. 
Figure 2 compares the pre-operative criterion sessions and the post-operative 
recovery sessions for animals X35 and Y8. In addition to this showing, all 
of the areas rated as damaged in X35 were damaged at least as severely in a 
number of animals showing only a minimal behavioral loss. That damage to 
some parts of LA may occur without any behavioral loss post-operatively is 
indicated by cases Z2 and Z3. The case of complete obi iteration of LA with 
no behavioral loss at all did not happen to occur in these cases, but data to be 
given in Part II of this study concerning nearly complete LA removal along 
with extensive septal lesions and little or no behavioral loss (Cases AS, L2, 
X34), tends to support the contention that area LA desltruction, partial or 
complete, is not related to the length of post-operative re~overy time for 
escape responding. 
Part I -Thalamic Control Group 
The three Thalamic Control Group animals provide some bits of 
evidence. No relation is evident between partial Cg and Rs loss and the 
response recovery, since it is Bl with the least damage in these areas which 
exhibits the longest recovery time. As may be seen from Table II, what evi-
dence there is tends to argue against any relation between damage to the mid-
line nuclei or to the nucleus medalis dorsalis (or to the projections of these 
nuclei) and the loss of the response, since animal B4 with extensive damage 
to these areas showed no change in response during the sound post-operatively • . 
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Also, it may be noted that there is a pparently no consistent rela tion between 
behaviora l loss a nd damage to the stria medullaris or to the habenula r nucl ei . 
Pa tt I - Neocortex Control Group 
The N eocortex Control Group animals showed no difference from the 
previous tv1o groups, in that a vari e ty of recovery times were obtained fo llow- · 
ing damage in areas not having extensive connections with LA. Whil e the 
a nima l with the largest lesion of this group (Zl8) sh.....,.ed the greatest response 
loss, the nex t h!ghest loss was exhibited by a n animal (Xl9) with no damage 
of grea ter than 10 percent of any structure or a rea rated. 
in these a nimals is described in Table Ill. 
Pa rt I -Response Recovery for all Animals 
The brain damage 
Figure 3 serves to compare the response recovery time distributions 
a s they occur for the c ingulate animals a nd for a ll the control animals with 
other than anterior cingulate lesions (excepting the caudal cingulate damage 
in the Thalamic Group animals). It is apparent tha t a fairly wide a nd over-
lapp ing distribution of times occurs in e ither case which argues strongly against 
the a nterior c ingulate cortex lesions having a different.ial effect on the response 
recove ry times. 
TABLE IT 
HISTOLOOICAL ANALYSIS OF BRAIN DAMAGE 
PART I - THALAMIC CONTROL GROUP 
Animal** R.R.T. !:!. AM AD MV .!&: ~ GLD MD ~ E!: PF Po PrT 
- - - -
--
Bl 14 0 0 0 0 0 0 0 1 0 0 1 1 1 
A3 0 0 0 0 0 1 1 1 1 0 0 R2Ll 1 1 
B4 0 1* ROLl 2* 2 1* 1 1 3 3 1* 3 1 1 
Re Rh PA !1: Q!, ~ !!! !!! FR !!!: Poe IG FS m!Q 
- - -
Bl 0 0 0 1 0 1 2 2 1 0 1 s 1 3 
A3 0 0 0 1 0 1 R3L2 R3L2 R3L2 0 0 s 1 3 
B4 1 2 2* 3 3 1 3* 3* 3 2 1 s 1 3 
* Imperfect sectioning resulted in loss of' the dorsal aspect o~ these nuclei which were rated on their 
re11a.ining volume. 
** There was no diseemible damage to either nucleue geniculatus medialis or to their cortical radiations 
in any of' these animals. 
~ 
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Pa rt II - Experimental Group 
The anatomical a nalysis of lesions of the septal :region a nd 
fornix components in the Experimental Group animals is given in Table IV. 
The appearance of a typical complete septal lesion is shown in the sections 
of Figure 4 , whil e that of a typical partial septal lesion appears in Figure 5. 
Comparison of response recovery icores, with the amount of dctm-
age to the septal nuclei or fornix bundles taken singly or in combination, yie lds 
rio consiste nt relation. Not shown in Table IV is the rating for LA damage 
in these animals which was fairly great in cases such as A8 (LA rating of 2) 
a nd L2 (LA ra ting of 2), but which ·showed no relation of consequence to res-
ponse recovery, as Part I has already indicated. The damage to va rious septa l 
nuclei and to the fornix columns, fornix superior and ventral hippocampa l 
commissure is summed for each animal and the data are presented In Figures 6A 
and 68, which also list the response recovery times for the animals of the Experi-
mental Group and for Control Group I. It can be seen that the distribution of 
response recovery times is similar for both groups and that there is no apparent 
relation between the damage summation scores and the time required for recovery 
of responding. Note that Y6, which is apparently a behavioral exception, has 
less damage or barely the equal of two ~ther cases, L2 and X34, which showed 
no loss of response whatsoever. The pre-operative criterion sessions and the post -
operative recovery scores are plotted for these three animals in Figure 7 . 
Animal R.R.T. 
Zl8 10 
ll9 7 
X29 3 
Z15 0 
TABLE III 
HISTOLOOICAL ANALYSIS OF BRAIN DAMAGE 
PART I - NEOCORTEX CONTROL GROUP 
Description of Lesion 
Bilateral subccrtieal damage restricted to rostra-lateral extreme of 
caudate nucleus, external capsule and corpus striatum. Overlying 
cortex of area 8 largely destrOyed or undercut and degeneration 
appears across lateral borders ot areas 10 and 6. 
Very slight bilateral damage; needle p1mcture thrOugh lateral cortex 
and corpus callostlDl into dorsal hippocampus. 
Slight bilateral damage; needle puncture through cortex ot area 18, 
corpus callosum and thalamus. On right, down to level ot cerebral 
peduncle; on lett, only halt through thalamus. Very slight damage 
to areas 29b and 29c and to cingulum. 
Slight bilateral damage, restricted entirely to olfactory bulbs and 
most rostral tip ot hemispheric cortex (area OF ot Rose and Woolsey). 
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TABLE IV 
HISTOIOOICAL ANALYSIS OF BRAIN DAl4AGE 
PART II - EXPERD4ENTAL GOOUP 
R.R.T. ft! ST SH LS :us DB :!:r!lli FCol VHC FS 1Q Cing 
Y6 23 3 2 3 3 3 2 3 3 1 3 s 3 
L4 9 0 0 R3Ll RlLO RlLO 1 1 2 2 3 s 2 
Y7 5 1 1 2 2 Rl.I2 1 1 R2Ll 1 2 s 2 
B9** 4 0 1 R2Ll 2 RlL2 1 ROL3 0 0 0 0 R3L2 
L8 4 3 3 3 3 3 3 3 2 2 3 s 3 
Z9 4 3 3 3 3 3 2 3 3 2 3 s 2 
L7 3 3 3 3 R3L2 R3L2 3 3 2 1 1 s R2Ll 
132 3 0 1 RlLO R2Ll 2 1 2 0 0 1 0 Rl.L2 
B2 1 ? 1 R2L3 2 2 0 2 1 1 1 s R2L3 
Al 0 3 0 3 1 0 0 0 0 0 0 s 2 
A9 0 R3LO 1 R3L2 3 3 2 2 1 1 1 s R3L2 
B8** 0 0 R3L2 RlLO 2 2 1 R2L3 RlLO 0 0 0 2 
L2 0 3 3 3 3 3 2 3 3 2 3 s 3 
X34 0 3 3 3 3 3 3 3 2 2 3 s 3 t 
Z7 0 0 0 2 2 2 1 0 0 1 1 0 1 
* 
No damage was found in any case to the dorsal hippocampal c011111bsure, hippocampus or auditory-
radiations. Additional damage to other structures in Appeniix A. 
** Double-schedule animals - also entered in Table VI. 
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FIGURE 4 EXTENSIVE SEPTAL REGION LESION IN 
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FIGURE SA PART II EXPERIMENTAL GROUP 
RESPONSE RECOVERY AND SEPTAL-FORNIX DAMAGE 
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FIGURE 68 PART II CONTROL GROUP I 
RESPONSE RECOVERY AND SEPTAL-FORNIX DAMAGE 
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Part II - Control Group I 
The anatomical analysis for Control Group I is contained in 
Table V. These animals received various small caudate lesions, yet their 
distribution of response recovery times, as shown clearly in Figure 68, is 
approximately the same as that of the Experimental Group, (Figure 6A). 
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There was no consistent relation of behavioral loss to the anatomical structures 
rated for damage. 
Part II - Control Group II 
The anatomical analysis for the s~tal region lesions in Control 
Group II is contained in Table VI. The response recovery times were once 
again not closely related in any consistent fashion with damage to any specific 
structure or combination of structures. Sham operate X45 showed no post-
operative response loss at all. It should be noted that the frequency .of ex-
tended recovery times seems to Increase slightly for this group, with three ani-
mals exhibiting somewhat longer response recoveries. In spite of this, however, 
it can be seen from Figure 8, camparing the septal region damage totals with 
the response recovery times, that Control Group II is remarkably consistent with 
the Experimental Group and with Control Group I in the lack of relation between 
these measures. 
The use of the no-sound, no-contingency period before the regular 
15' sound session in most of the above animals seemed to be unrelated to the post-
operative responding. The typical response recovery of one animal (A6) in this 
FIGURE 7 PART II - EXPERIMENTAL GROUP PRE- AND POST-OPERATIVE 
ESCAPE RESPONDING FOR ANIMALS L2, X34, AND YS 
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Animal R.R.T. 
X44 12 
B3 4 
X30 4 
X36 4 
Lll 0 
TABLE V 
HISTOLOGICAL ANALYSIS OF BRAIN DAMAGE 
PART II - CONTROL GROUP I 
Description of Lesion 
Bilateral damage, consists of narrow path through cortex of area 10, 
corpus callosum, lateral edge of cingulum and then appearing as narrow 
horizontal cut across rostral caudate nucleus. 
Essentially same as X44 except on right where cortical path is more 
medially placed and undercuts part of anterior cingulate region, also 
causing some damage to dorsolateral edge of septal region. 
Bilateral, narrow path passes through cortex of area 10, partially 
damaging cingulum and corpus callosum, and passing through bottom of 
lateral venticle. The lesion proper centers on nucleus accumbens, 
which is nearly obliterated; bulbar component of anterior commissure 
and on medial part of olfactory tubercle. The septo-tubercular tract 
and tract of diagonal band are partially damaged. 
Bilateral, narrow path passes through cortex of area 10, partially 
damaging cingulum and widening to destra.y medial aspect of rostral 
caudate nucleus and dorsal aspect of the nucleus accumbens. There is 
slight damage to lateral septal region. 
Bilateral cut, frontally, through cortex of area 10, curving laterally 
to undercut cortex and slice through rostral dorsolateral edge of 
caudate nucleus, disappearing at plane of rostral septal region. 
01 
TABLE VI 
HISTOIOOICAL ANALYSIS OF BRAm DAllAGE 
PART II- CONTROL GROUP II 
' 
Anim.al* R.R.T. PH 2.'!: SH LS MS DB TrDB !2.21 !1!9. FS IG Cing 
B5 Z7 .3 RlL2 R2L.3 RlL.3 RlL.3 ROLl ROLl 1 1 1 s .3 
15 lS 2 2 3 .3 3 1 2 RlL2 1 1 s 3 
A6 17 0 2 2 2 2 1 1 0 0 0 0 2 
Z20 6 3 .3 3 3 .3 .3 3 3 0 2 s .3 
C2 4 3 3 3 3 .3 3 3 0 0 1 s 3 
B9** 3 0 1 R2Ll. 2 RlL2 1 ROL3 0 0 0 0 R.3L2 
A5 2 3 2 3 3 3 2 3 3 1 3 0 2 
BS** 2 0 R3L2 RlLO 2 2 1 R2L3 RlLO 0 0 0 2 
AS 1 3 3 3 .3 3 2 3 3 1 3 s 3 
X45** 0 0 0 0 0 0 0 0 0 0 0 0 0 
* 
No damage wai .found in a:n:r caie to dorsal hippocampal coDIIlissure, hippocampu• or auditory 
radiation&. Additional damage to other structures shown in Appendix B. 
** Double-8chedule animals, also in Table IV. 
*"** Sham operate. OJ 
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FIGURE 8 PART II CONTROL GROUP II 
RESPONSE RECOVERY AND SEPTAL-FORNIX DAMAGE 
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group (Control Group II) with a longer recovery time and one animal (A8) 
with a shorter recovery time is shown in Figure 9, a long with their pre-
operative responding for comparison. It should be noted from Table VI tha t 
the shorter recovery animal (AS) suffered more extensive damage tO the very 
same anatomical structures, than dicl the animal (A6) with longer response 
loss. 
Part II - Special Case 
The special case of X31 tends to corroborate the points made 
above. This animal received a lesion by the suction method which included, 
bilaterally: 
1. most of the septal nuclei 
2. entire fornix columns and fornix superior 
3. major part of the corpus callosum 
4. most of the stria medullaris and habenular nuclei 
5. major part of the supracallosal cingulate cortex, 
including the retrosplenial area 
6. most of Krieg 1s 1 areas 4 and 6 together with parts 
of other neocortical areas. 
7. entire dorsal half of the hippocampus, including 
the fimbria. 
1 Krieg, W. J. S., 1946, Op. cit. 
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In spite of this very large lesion, this animal showed a post-operative recovery 
of escape responding in only four days under Procedure A. This animal prov ides 
evidence that the major hippocampal outflow to the septal region and the anter-
ior cingulate cortex in particular 1 may be completely interrupted without re-
sulting in a long term loss of the escape behavior. This case also demonstrates 
clearly that large lesions of the neocortex, including much of the stimulabl e 
cortex, do not cause sufficient motor deficit to prevent adequate post-operative 
responding {also see Tracy and Harrison control for ·this factor. -1) 
Tracy r :W. H. and Harrison, J. M. 1 1956, Op. cit. 
CHAPTER IV 
DISCUSSION 
Relation to the data of Tracy and Harrison 
One of the premises for this study lay In the suggestion by 
Tracy and Harrison, 1 that the loss of sound-maintained escape behavior 
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. found by them might be related to specific structural damage. Fortunately, 
as a beginning point for this search, the histological specimens from their 
study were available, and animals H25, H27 and H30 (all of whom showed 
a lengthy loss of behavior) were reread according to the terminology used in 
the present study. (See Table VII). It was evident that H30 was primarily 
an anterior cingulate cortex case with secondary septal damage, and conse-
quently, Part I of our study offers direct information on the possibility of this 
being the crucial area. The Part I results seemed to indicate clearly that dam-
age to the anterior cingulate cortex is not sufficient, and probably not necessary, 
to produce the reported behavioral losses. It must be bourne in mind that the cor-
tical lesions reported here have also incised or secondarily damaged mu.ch of the 
white matter beneath the cortex proper. In addition to this fact, it should be 
Tracy, W. H. and Harrison, J. M., 1956, Op. cit. 
Anillal PH 2! .§!i !2 
H25 3 1 3 R2L3 
H2'7 1 0 3 1 
H30 0 0 1 0 
TABLE VII 
HISTOLOGICAL ANALYSIS OF BRAIN DAMAGE 
TRACY AND HARRISON ANIMALS 
!!§. !lli TrDB FCo1 VHC 
2 1 2 3 2 
0 0 0 3 3 
0 0 0 0 0 
FS IG Cing 
3 s .3 
2 s 3 
0 s 3 
LA 
3 
2 
2 
IL 
3 
0 
0 
01 
00 
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noted that the paths of the various projections to the medial and ventral 
frontal cortex are not yet well identified (See especially Rose and Woolsey 1) 
and consequently, in most ·of the given cases, one cannot be sure that only LA 
has been damaged. Even these facts, however 1 cannot detract from the conclu-
sion that gross lesions of this area may produce I ittle effect upon the post-operative 
response function. 
The findings on the two remaining animals mentioned above, H25 
and H27, with primarily septal region lesions, are answered for by the results of 
Part II of our study. Here again, the anatomical position of the lesion with res-
pect to the region of supposed importance was shown to be irrelevant. One further 
aspect of the Tracy and Harrison lesions, the lateral cut commonly found in the 
caudate nucleus, was controlled for by the lesions within Control Group I of 
Part II. These caudate lesions were also apparently unrelated to the long-term 
loss of escape responding, at least in the few cases presented here. 
The question immediately arises as to whether or not the Tracy and 
Harrison behavioral methods could alone be responsible for their findings. Control 
Group II of Part II provides for this, in part, by being subjected to a behavioral 
method similar to that of the abvve authors. It was found that this procedure seemed 
to increase slightly the incidence of reported longer behavioral losses following sep-
tal region lesions. 
Rose, J. and Woolsey, C. N., 1948, Op. cit. 
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The post-operative introduction of the increased no-sound, no-
contingency period for Procedure B was not consistently rela ted to the behavior-
al findings. This condition was shown not to be the sole agent responsible for 
the type ::of loss reported by Tracy and Harrison, since two normal animals 
switched to a longer period of this sort showed no change in responding during · 
the sound (nor did sham operate X45 of Control Group II, Part II). 
It is interesting to note that the total time that the sound was 
presented daily to the animals varied greatly between Procedures A and B. Pro-
cedure A contained nearly four times as long a daily presentation of the sound 
as did Procedure B, and consequently all of the longer-term recovery animals 
under the latter procedure do not compare, in this dimension, with Y6 (Experi-
mental Group, Part 10 or with X35 (Cingulate Group, Part 1). Si~ilar totals 
for the time the Tracy and Harrison animals were subjected to sound intensity 
levels as high as those used here, 1 reveals that both H25 and H27 received 
only the equivalent of 2 - 3 days under Procedure A's sound intensity, and that 
even H30, the highest of their three animals in this respect, received only the 
equivalent of 13 days under Procedure A. This would place all these case~ within 
the normal range of response recoverfes reported in the present study. However, 
as with the other factors mentioned, the entire source of the behavioral loss re-
ported by Tracy and Harrison probably does not rest here, since the two double-
schedule animals in the pre.,ant study,. ~88 and B9}, showed very nearly the same 
length of response recovery on both Procedure A and Procedure B. 
l The totals used here for the Tracy and Harrison animals do not include their 
post-operative time under very low levels of sound which were included in 
the range of intensities tested by these authors. 
6 1 
It might a I so be suggested that possibly the present procedure 
merely shortens, but does not eliminate, the response loss period and that our 
animals are actually all partial cases of the same effect described by Tracy 
and Harrison. This argument is answered by two findings of the present study; 
first, some animals showed no response loss whatsoever, even during the first 
few minutes of the first post-operative session; second, some animals showed 
an extended l'oss which seems to indicate that the effect reported by the above 
authors does sometimes occur with the present method. Adding to this the un-
certain effects, during the first few post-operative sessions, of the surgical 
procedures, one is unable to find any evidence that the few days loss frequently 
reported by us was, in fact, the homologue of the long term behavioral loss. 
The possibility was tested:, ·In the case of A9 (Experimental Group, 
Part 10, that the constant intensity used in Procedure A was not equivalent in 
effect to the highest level included in the range of intensities studied by Tracy 
and Harrison, or to that used in Procedure B. This animal received Procedure A 
except that the sound level was raised to 117 db. Following a partial septal 
lesion, this animal showed no loss of the behavior whatsoever, indicating that 
the higher level of sound, alone, probably was not responsible for the long term 
loss. 
Relation to avoidance data 
Since the present study Involved the use of a primary aversive 
stimulus without any specific CS, there is the possible question of the relation 
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of the present results to studies where avoidance reactions were used. In 
this connection, the principle findings were those of Brady and Nauta, 1 ' 2 
which indicated a change in post-operative reaction to stimuli which had pre-
ceded the primary aversive stimulation (shock) In the training situation. 
Unfortunately, post-operative reactions in the same animals to the primary 
stimulus were not reported, and it rema.ins possible that only the reaction 
to secondary stimuli was affected. Likewise, Pribram and Weiskrantz3 
although they used both primary and secondary aversive stimuli pre- and 
post-operatively with their monkeys, made no separation of the effects with 
respect to the primary stimulus (shock). 
The present study offers some evidence that in the case of aversive 
sound stimulation, without specific secondary contingencies, the aversive prop-
erties of the primary stimulus were not affected by the lesions made. Further, 
the argument that only the secondary aversive properties may be affected by 
the lesions is contrary to the findings of Allen, -4-,S,() since he reported no 
effect of complete hippocampal removals or transections of the fornices on either 
retention or acquisition of responses ·involving both negative primary stimul i(shock) 
Brady, J. v. and Nauta, W. J. H., 1953, Op. cit. 
2 Brady, J. v. and Nauta, W. J. H., 1955, Op. cit. 
3 Pribram, K. H. and Weiskrantz, L., 1957, Op. cit. 
4 Allen, W. F., 1938, Op. cit. 
5 Allen, W. F., 1939, Op. cit. 
6 Allen, W. F. , 1941 , Op. cit. 
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and secondary olfactory conditioned stimuli. Slight further evidence is offered 
by the post-operative acquisition of an avoidance response by the cats with 
hippocampal lesions investigated by Brady et ah 1 and by the post-operative 
acquisition of a CER by rats with septal lesions, reported by Brady and Nauta. 2 
Relation to other data 
Several other general factors, not related specifically to aversive 
stimulation, were checked during th~ process of the study to see if any relation 
existed between these factors and the ex_tent of the response recovery time. The 
pre-operative training time, or number of sessions required to reach criterion, 
apparently was not related to the response recovery time in any orderly fashion. 
This exempts the response recovery from ·a ·~relearning 11 explanation based on the 
possibility that the surgical procedure merely erases the effects of pre-operative 
conditioning. Likewise, the possibility that such effects as the latter might take 
place over the period required by recovery from the surgery was tested by giving 
some animals a pre-operative retention test after periods varying from one day to 
about two weeks. Such delays, if greater than two days (the shortest surgical 
recovery time), almost invariably resulted in a slight increase in responding rather 
than any decrease. Thus the situation post-operatively was favorable, from this 
view, for continued high response levels. That this rest period is not the cause of 
our frequent post-operative rapid recoveries Is answered for by those cases of longer 
Brady, Schreiner, Geller, and Kling, 1954, Op. cit. 
2 Brady and Nauta, 1955, Op. cit. 
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term response loss which we occasionally obtained. For the latter case, no 
clear explanation was obtainable from the present data with our methods of 
analysis. 
To indicate some of the additional relations which were examined, 
see Appendix B, where the summations of anatomical damage for various group-
ings of areas are compared with the response recovery times for the animals of 
the various groups. It is readily apparent that there is little, if any, concise 
relation between the length of the response recovery and the summations for 
damage (in given animals) to septal nuclei, fornix components, their combin-
ation, neocortical areas, or to total brain damage. 
The ratio of reinforced to non-reinforced responses was taken 
post-operatively, even though this measure had no criterion requirement at 
that time. No changes of consequences took place in this measure for any group 
other than two of the three animals in Part I, Thalamic Control Group.1 These 
animals showed no loss or change in their extremely stable reinforced responding 
post-operatively, yet their responding during the silent period was greatly in-
creased. This non-reinforced responding gradually disappeared in a fe~ days, 
and its disappearance did not materially affect the stable reinforced response 
rate, Indicating that the two were probably independent. 
Aside from the difficulty of judging when an animal was well 
enough to return to the daily sessions, the surgical recovery periods were fairly 
constant, and no relation was readily noticeable between this factor and/or that 
of the surgical method used and the response recovery time. While it should be 
Animals A3 and 84. 
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mentioned that some animals under Procedure A received lesions by the 
methods more typically used under Procedure 8 and vice versa, there 
was no immediate evidence that this factor was important to the behavior-
al findings. 
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CHAPTER V 
SUMMARY AND CONCLUSIONS 
Albino rats. were trained to escape an otherwise continuous 
noise by pressing a lever to obtain 20 seconds of silence. When their res-
ponding had reached a criterion level, the rats were subjected to various 
neural lesions. After a suitable recovery period following ' surgery, the ani-
mals were returned to the escape situation and the course of their post-
operative responding was followed until they reached criterion. The measure 
of the number of sessions required post-operatively to reach the first day of 
the criterion response level was termed the response recovery time. 
In Part I of this study, it was demonstrated that the size of 
various lesions involving the anterior cingulate cortex of the rat is not con-
sistently related to the response recovery time. The case for the more cauda I 
parts of the cingulate cortex co..Jd not be entirely clarified in this study, but 
the indications were that damag~ to it was not related to the length of the res-
ponse recovery. Control animals, with essentially neocortical or caudal thalamic 
lesions, showed a range of response recoveries similar to that exhibited by the 
clngulate cortex group. 
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In Part II of this study, it was shown that lesions involving the 
septal nuclei and the components of the fornix were not instrumental in de-
termining the length of the respon'se recovery time. This finding is bolstered 
by the Part I findings, since it Is commonly found that the anterior cortex is 
damaged during destruction of the septal region. In view of the Part I find-
ings, the cingulate cortex damage in the Part II cases could be ruled out as 
a contributing factor. 
A small control group with various caudate nucleus lesions was 
used to control for the e.ffects of Incidental damage to this nucleus in the pre-
sent study and in the previous study of Tracy and Harrison. l Again, no relation 
was evident between the locus of the lesion and the length of the response re-
covery tima 
A special control group a I so demonstrated that eve.n· with be-
havioral procedures very similar to those of Tracy and Harrison, there was no 
consistent relation between septal region damage and response recovery times. 
Thus it was shown that the long-term loss of sound-maintained escape responding, 
following gross septal region lesions, was not primarily due to the involvement 
of this particular region. 
All conclusions drawn from these studies must be tempered by the 
knowledge of the complexity of the regions damaged, in terms of their extent 
and number of external connections. Thus, . it remains possible that our findings 
Tracy and Harrison, 1956, Op. cit. 
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were due to subsidiary damage not gross enough to be noted in our examination 
of the tissues. It must also be remembered that the present work refers only to 
a pure escape response reinforced by the termination of sound. Thus it is 
somewhat difficult to compare the present findings with those in studies pre-
senting only avoidance responses. The use of sound as an aversive stimulus 
also raises some question of comparison with stimuli involving other modalities. 
Nevertheless, the above evidence should be considered together 
with the findings of Harrison and Lyon, 1 which indicated no consistent change 
in general sensory reactivity following lesions of the septal regionF fornix 
components and including some cingulate cortex. It would seem that the gen-
eral conclusi.on from these combined studies is that the reactivity of the rat .! to 
various stimuli, aversive included, is not chang~ consistentfy in relation to the 
damage produced. Such effects as are noted should probably be ascribed to 
factors other than the amount of involvement of the septal nuclei, fornix com-
ponents or anterior cingulate cortex, whether these areas are considered singly 
or in combination. 
Harrison, J. M. and Lyon, M., The role of the septal nuclei and components 
of the fornix in the behavior of the rat. J. Camp. Neur., 1957, (108), 
121 - 138. 
APPENDIX A 
TABLE OF INCIDENTAL DAMAGE EXCLUDING THAT IN TABLES I-VI 
PART II - EXPERIUENTAL GROUP 
Animal R.R.T. Il LA Qg !!. 6 ..lt. NAoc CN stll StT AC 
- -
Y6 23 0 2 0 0 1 1 2 0 1 1 1 
L4 9 0 1 0 1 0 1 0 0 RllO 0 0 
Y7 5 1 1 0 0 0 0 0 0 0 0 0 
B9 4 0 0 0 0 0 0 ROLl ROLl 0 ROIJ. 0 
LS 4 0 2 0 1 1 1 RlLO 0 0 0 0 
Z9 4 1 1 0 0 0 0 1 0 3 1 1 
L7 3 0 1 0 0 1 0 0 0 0 R1lO 1 
X32 3 0 0 0 0 0 0 1 0 0 0 1 
B2 1 1 1 0 0 0 0 0 0 0 0 0 
A1 0 0 0 0 0 0 0 0 0 0 0 0 
A9 0 0 0 0 0 0 ROLl ROLl 0 ? ROLl 0 
B8 0 0 0 0 0 0 0 ROLl ROIJ. 0 0 0 
12 0 2 2 1 1 1 1 2 RlLO 2 1 1 
o-
X34 0 1 2 0 0 1 2 2 R1lO 0 0 0 
'() 
Z7 0 0 1 0 0 1 1 2 1 ? 1 0 
APPENDIX A 
TABLE OF INCIDENTAL DAMAGE EXCLUDING THAT IN TABLES I-VI 
PART II - CONTROL GROUP II 
R.R.T. Il LA ~ !!.! ....2. ...lt. NAcc CN 
B5 27 1 2 0 0 1 0 0 ROLl 
L5 18 0 0 0 0 0 0 1 0 
A6 17 0 0 0 0 0 0 0 0 
Z20 6 1 R2L3 0 0 1 1 RlL2 ROLl 
C2* 4 3 3 0 0 1 0 2 1 
A5 2 1 0 0 0 0 0 1 ROLl 
AS 1 2 2 0 - 0 0 0 1 0 
* llassive lesion include& olfactory bulbs and tubercle. 
st:V ~ 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
1 0 
AC 
0 
0 
0 
0 
1 
0 
0 
" 0 
Summations : 
Aninal 
X35 
Y8 
X38 
Zl3 
X37 
Zl9 
Y2 
Z2 
Z3 
APPENDIX B 
COMPARISON OF RESPONSE RECOVBRY TIMES WITH SUMMATIONS 
OF DAMAGE TO VARIOUS GROUPS OF ANATOMICAL STRUCTURES* 
PART I - CINGULATE CORTEX GROUP 
CING Cx - Areas LA, Cg and Rs only 
Total Cx - All cortical areas, mcluding cingulate 
Total Damage - All cortical and subcortical structures 
R.R.T. CING Cx Total Cx Total Damage 
19 2 6 9 
5 6 12 16 
4 5 15 22 
4 3 7 11 
3 6 12 18 
3 2 8 18 
2 2 6 11 
0 2 6 8 
0 2 8 8 
* Summations were arrived at on basis o.f allowing a total o.f 6 points .for the total 
bilateral destruction o.f a structure. All .figures are derived from precedin~ 
tables accordmg to this plan. (Ratings for IG were not used m these sums.) 
"'-J 
...... 
Animal 
Bl 
Zl8 
ll9 
X29 
A3 
B4 
Zl5 
APPENDIX B (CONTINUED) 
PART I - CONTROL ANIMALS 
Sunmations: CING Cx - Areas LA, Cg and Rs only 
Total Cx - All cortical areas, including cingulate 
Total Damage - All cortical and subcortical structures 
R.R. T. CING Cx Total Cx Total Damage 
14 4 4 40 
10 0 8 10 
7 0 0 0 
3 0 2 2 
0 6 6 53 
0 6 6 107 
0 0 2 2 
'I 
"' 
APPENDIX B (CONTINUED) 
PART II - EXPERIMENTAL GROUP 
Summations : Septal - SH, IS, MS 
Fornix - FCol, TrDB, VHC, FS 
Septal-Fornix - Combined sum of above categories 
Caudate - CN, NAcc 
Total Cx - ill cortical areas, including cingula te 
Total Damage - All cortical and subcortical structures 
Animals R.R.T. Septal Fornix Septal-Fornix Caudate Total Cx Total Damage 
Y6 23 18 20 38 4 g 76 
L4 9 6 16 22 0 6 35 
Y7 5 11 11 22 0 4 36 
B9 4 10 3 13 2 0 25 
LS 4 18 20 38 1 10 73 
Z9 4 18 22 40 2 4 76 
17 3 16 14 30 0 4 58 
X32 3 8 6 14 2 0 24 
B2 1 13 10 23 0 4 34 
A1 0 8 0 . 8 0 0 lS 
A9 0 17 10 27 1 1 44 
BS 0 9 6 15 2 0 28 
12 0 18 22 40 5 16 91 
'-1 
X34 0 18 20 38 5 12 79 w 
Z7 0 12 4 16 6 6 34 
Animal 
X44 
B3 
XJO 
X36 
Lll 
APPENDIX B (CONTINUED) 
PART II - CONTROL GROUP I 
- CN, NAcc 
- SH, LS, MS 
Summa tiona : Caudate 
Septal 
Total Cx - All cortical areas, including cingulate 
Total Damage - All cortical and subcortical structures 
R.R.T. Caudate Septal Total Cx Total Damage 
12 2 0 0 4 
4 2 3 0 9 
4 4 2 0 lB 
4 4 6 0 14 
0 0 0 2 2 
~ 
APPENDIX B (CONTINUED) 
PART II - CONTROL GROUP II 
Summations: Septal - SH, LS, MS 
Fornix - FCol, TrDB, VHC, FS 
Septal-Fornix - Coni> :ined sum of above categories 
Caudate . - CN, NAcc 
Total Cx - All cortical areas, including cingulate 
Total Damage - All cortical ani subcortical structures 
Animal R.R.T. Septal Fornix Septal-Fo mix Caudate Total Cx Total Damage 
B5 Z7 13 7 20 1 8 45 
15 18 18 11 29 2 0 47 
A6 17 12 2 14 0 0 24 
Z20 6 18 16 34 4 11 73 
C2* 4 18 8 26 6 14 72 
B9 3 10 3 13 2 0 25 
A5 2 18 20 38 3 2 61 
B8 2 9 6 15 2 0 2S 
A8 1 18 ~ 38 2 8 72 
X45** 0 0 0 0 0 0 0 '-1 
01 
* 
Total damage sum does not include massive lesion of olfactory bulbs. 
** Sham operate. 
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THE EFFECTS OF CERTAIN NEURAL LESIONS UPON 
SOUND-MAINTAINED ESCAPE BEHAVIOR IN THE RAT 
Part I. Anterior Cingulate Cortex 
Part II. Septal Nuclei and Fornix Components 
(Pub I ication No. ) 
Melvin lyon, Ph. D. 
Boston University Graduate School, 1958. 
Major Professor: Professor J. M. Harrison 
This study stems from equivocal reports concerning the behavioral 
effectiveness of noxious stimuli following lesions of the anterior cingulate cortex 
or the septa I region. Evidence in the experimental I iterature indicated that re-
moval of the anterior cingulate region or destruction of the anterior thalamus 
resulted in a reduced reaction to various noxious stimuli. Other work seemed to 
cast doubt on this conclusion. There is also equivocal evidence concerning the 
effect of lesions in the hippocampus (thus affecting its outflow), or in the septal 
region, upon behavior maintained by the use of noxious stimuli. Contrary results 
have been reported concerning the effect of such lesions upon avoidance respond-
ing maintained by shock. Also reported were the post-operative weakening of a 
CER and the loss of a sound-maintained escape response following septal region 
lesions in the rat. Other, non-aversive, behaviors were reportedly unaffected 
by such lesions. 
The two things in need of further clarification were the animal's 
reaction to a specific noxious stimulus and the analysis of the anatomical destruction 
supposedly changing this reaction • . Therefore, conditioned escape responding main-
tained by the termination of intense sound was compared with ratings of the amount 
of destruction within a large number of individ~al structures. 
The subjects were albino rats. The experimental space contained a 
sound source for white noise, from which the animals could escape for 20" by de-
pressing a lever. Responses during the silence were non-contingent. Daily sessions 
were 56' long at 105 db. Following pre-operative escape training the animals were 
subjected to surgery, allowed to recover physically, then returned to the .experimental 
sessions and run until they reached a response criterion. The number of days to the 
first criterion day was labelled the "response recovery time" (RRT). Histological 
examination allowed comparison of the extent of damage, to single structures or to 
combinations, with the RRT which accompanied the lesion. 
Nine animals sustained lesions varying from slight to complete destruction 
of the anterior cingulate cortex. These animals exhibited a distribution of RRT's from 
0 to 19 days, but there was no apparent relation between the amount of anterior cingu-
-
late damage and the length of the RRT. Seven control animals, with non-cingulate 
lesions, exhibited RRT's from 0 to 14 days. 
For the septal region and fornix components there were 15 animals, with 
lesions ranging from bilateral . obl1teration to small or unilateral damage. The range 
of RRT's was 0 to 23 days, and careful examination of the extent of damage to various 
structures again revealed no relation to the length of the RRT. Five control animals 
with caudate nucleus lesions exhibited RRT's of 0 to 12 days, which were unrelated to 
the severity of caudate damage. Nine a dditional septal animals were subjected 
to behavior conditions approximating those of Tracy and Harrison (who had reported 
long losses of sound-maintained escape responding in rats with septal damage). 
These animals received daily 15' sessions at 117 db. Nevertheless, the range of 
RRT's (to relative criteria) was from 1 to 27 days and no consistent relation was 
found between the anatomical destruction and the length .of the RRT. 
These results indicate that the loss of ·:escape responding to white 
noise is not primarily related to lesions of the anterior cingulate cortex, the septal 
region or the fornix components. Furthermore, it was shown that very similar d is-
tributions of RRT's may accompany lesions elsewhere. The reduction in effectiveness 
of noxious stimulation, as measured by the RRT appears in quite an irregular manner 
and is probably not the result of a unitary factor such as damage to a single structure 
or area. 
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